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Contamination with heavy metals (HM) represents an environmental and health concern. One green solution to 
this problem is phytoremediation that uses plants to mitigate the contamination. Through phytoextraction, heavy metals 
are translocated and taken up by the plants and then stored in various organs (both aboveground and underground). 
Repeated disposal of harvested biomass can speed up the decontamination process. The resulting biomass can have 
various concentrations in heavy metals depending on the level of contamination. The fate of phytoremediation biomass 
rises further environmental problems. Market opportunities for safe valorization of the biomass might contribute at 
extending this technology to larger scales. To achieve this, the selection of plant species should consider besides the 
accumulation capacity also the potential economic value (aromatic and energy crops, pulp-paper crops, timber trees or 
ornamentals). Biomass can be used for the obtaining of safe essential oils, energy (thermal, electric), biofuels, biochar 
and organic acids with various uses. New emerging directions are phyto-mining for retrieval of certain valuable metals 
as well as the utilization of soils rich in Fe, Zn and Se for crop biofortification. The existing opportunities are dependent 
on contaminants, their level and plant selection. Phytoremediation strategy should take in consideration the valorization 
channels and possibilities from a commercial perspective in order to help integrate this green technology into a sustainable 
value-chain.  
 




1. Defining heavy metals 
 
In the context of increased pollution, 
contamination of the environment with heavy metals 
(HM) has become a health concern [18]. Some heavy 
metals such as Cu, Fe, Mg, Mn and Zn have a 
functional role in the organism of plants and animals 
but only in very small quantities and are toxic at 
higher levels. Other metal(loid)s such as As, Cd, Cr, 
Pb can be highly toxic even at extremely low levels 
both for plants and animals [6].  
 
 




Among decontamination methods, 
phytoremediation enjoys public acceptance, is 
cheaper than other methods and creates opportunities 
for upcycling the resulting biomass [20]. By 
establishing a link between value-plants used in 
phytoremediation and their post-remediation 
commercial potential, new market opportunities 
might contribute at extending this green technology 
to larger scales [14], and also cover some operational 
and investment costs.  
 It has been suggested that the selection of 
plant species used in phytoremediation should 
consider besides the decontamination capacity also 
the potential economic value. From this perspective 
short rotation coppice is recognized as an attractive 
option at the moment [7].  
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Other suitable added-value plants for 
phytoremediation can be represented by aromatic 
plants, various energy crops, pulp-paper crops, 
timber trees or ornamentals [14]. However, one must 
consider that integrating also native plant species in 
the phytoremediation plan can contribute to the 
habitat restoration and stability [6]. 
 
2. Biomass toxicity 
 
 In the phytoextraction of heavy metals are 
employed plant species able of accumulating metals 
in their tissues at 100-fold or even 1000-fold higher 
levels than normally found in non-accumulating 
plants [16]. There are known around 400 
hyperaccumulator plant species from over 40 botanic 
families [22]. 
Regarding the levels inside plant tissues, 
metallophytes can concentrate:  
- >10 mg kg−1 Hg  
- >100 mg kg−1 Cd  
- >1000 mg kg−1 Co, Cr, Cu, and Pb  
- >10000 mg kg−1 Zn and Ni [22, 23].  
In spite of mechanisms that allows them to 
survive in contaminated environments, 
metallophytes are negatively affected by increased 
levels of contamination fact reflected in their 
decreased chlorophyll content, reduced growth and 
yield [2, 16]. After entering the plant, heavy metals 
do not move freely in the plant vascular system but 
instead are immobilized in apoplastic and symplastic 
compartments [22]. At tissular and cellular level, 
heavy metals are entrapped by chelating agents, 
precipitated or converted into less toxic forms [8, 10].   
Removal of biomass is important in order to 
speed the remediation process, otherwise 
contaminants can leach back into environment 
slowing the process [6]. The main issue that 
continues to be a challenge is the transfer of 
contamination along with the biomass and 
subsequent products obtained [7].  
The amount of heavy metals does not 
necessarily reflect the actual ecological impact, but 
their effect depends more on chemical forms, rather 
than total concentration [24].  
 
3. Reducing the biomass volume 
 
Reducing the volume of the biomass resulting 
from phytoremediation could be useful for the 
transport or disposal [12]. 
Pre-harvest desiccation can be used by 
applying herbicide before harvesting the biomass. 
This might be useful for reducing the volume, weight 
and preventing leaching during transport to smelter 
(for incineration) [15].  
Composting is a decomposition process 
mediated by microorganisms that can reduce the 
volume of the post-harvest phytoremediation 
biomass [12] while also making heavy metals less 
available [24] and can be considered a pre-treatment.  
Through composting, sunflower and grasses 
showed weight decrease up to 25% in 2 months, 
willow-tree biomass contaminated with Pb, Cd, Cu 
and Zn had a weight decrease of up to 47% in 8 
weeks, and As-contaminated Pteris vittate had a 
biomass decrease up to 32% after 120 days. The only 
issue with this method is potential leaching of 
contaminants during composting while the resulting 
compost cannot be used directly since it does not 
meet regulations standards [12]. Because of the 
existing evidence that heavy metals become less 
available during composting [24] more studies on 
speciation of heavy metals during biomass 
decomposition process could help developing 
optimized composting technologies.   
Compaction is another method to reduce the 
volume of biomass resulting from phytoremediation 
and makes use of a container with press and a 
collection system. The resulting leachate from 
pressing the harvested biomass is concentrating a 
high level of heavy metals complexed with chelating 
agents in soluble forms [12, 15]. Perfecting methods 
to recover heavy metals from the leachate would 
prove highly useful in the future.  
 
4. Energetic valorization of biomass  
 
Currently, European legislation does not 
restrict the utilization of phytoremediation biomass 
for energy purposes, making this a viable option [3].  
The plants with phytoremediation capacity that 
are suitable for energetic use belong to two groups: 
perennials (such as Salix sp., Populus sp., Robinia 
sp.) and annuals (such as Sorghum sp.). These energy 
crops are characterized by high plant densities, short 
cycle and suitability for mechanization [7]. In 
addition, for energy production can be used also other 
species with phytoremediation capacity such as 
Ricinus communis, Miscanthus sp., Helianthus 
annus, Cynara cardunculus and Arundo donax [14]. 
Oil crops (Brassica sp.) could also be used for the 
obtaining of biodiesel [7]. 
a) Thermal processing technologies applied 
to the HM-enriched phytoremediation biomass can 
lead to the obtaining of either biofuel, char or direct 
energy. These processes can be classified in four 
types:  
- pyrolysis leading to the formation of biochar, 
charcoal, and bio-oil 
- gasification resulting in fuel gas (syngas) 
- combustion producing heat  
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- liquefaction producing bio-oils, polyols and 
bio-crudes [12]. 
If the pollutants are not volatilized during the 
thermal process, they will remain in the resulting 
liquid, ash or char [6]. 
Pyrolysis is a highly promising technique that 
leads to the obtaining of three fractions: gas, char and 
oil [1]. Particularly, the biochar is a solid material 
with high porosity and carbon content. Biochar 
obtained from phytoremediation biomass can be 
useful in treating soil contaminated with heavy 
metals, and results showed that increased pyrolysis 
temperatures were helpful at obtaining a low risk 
biochar [25].  
Studies on Iris sibirica biomass rich in Co 
showed that after pyrolysis at 700ºC, was obtained a 
biochar effective for adsorption catalysis in removal 
of Hg from coal combustion flue gas, with over 80% 
efficiency [21]. This comes to demonstrate that char 
resulting from pyrolysis of phytoremediation 
biomass can be employed as adsorbents in some 
industrial applications, but this depends on the type 
of heavy metals they contain.  
Sorghum bicolor biomass with Ni and Zn, 
following slow pyrolysis lead to the obtaining of 
higher percentages of char and oil compared to flash 
pyrolysis, indicating that it is important to determine 
the efficiency parameters of this process. Also, 
almost entirely Ni and Zn were recovered in the 
biochar trough application of slow pyrolysis [1].  
Based on experiments on sunflower was 
identified the possibility to apply two-step extraction 
to remove heavy metals from biochar obtained 
through pyrolysis and recover nutrients (such as K) 
from phytoremediation biomass, that could be further 
applied as fertilizers [26].   
Gasification of biomass can produce fuel gas 
(syngas) with increased efficiency of up to 75%, with 
other byproducts such as ash, charcoal and tar. 
Results have shown that poplar biomass from 
phytoremediation can be a source of safe fuel gas [3]. 
Combustion is heat-generating process that 
converts biomass into energy that can be used for 
warming households or to produce electricity. The 
utilization of phytoremediation biomass for 
bioenergy can be considered highly feasible since it 
exploits non-productive soils [9].  
Hydrothermal liquefaction has been 
demonstrated as useful at upcycling 
phytoremediation biomass leading to the producing 
of valuable organic acids (levulinic, formic and acetic 
acids) and hydro-char with low toxicity. Heavy 
metals can be isolated in the liquid phase of the 
process, while total acid yield can reach 50% [27]. 
Because there is a wide range of applications for the 
organic acids produced and the resulting biochar is 
safe, this processing method seems highly promising.  
b) Ethanol fermentation is a process that uses 
lignocellulosic plant biomass for the obtaining of 
second-generation bioethanol. The process starts 
with conversion of cellulose and hemicellulose into 
sugars (hydrolysis) that are then fermented, followed 
by separation of residues (mainly lignin) and finally 
recovery of ethanol [12].  
c) Anaerobic digestion enables the 
transformation of biomass with the help of 
microorganisms (acidogenic and methanogenic 
bacteria) resulting biogas having about 65% CH4. 
This gas can be further used to generate either heat 
with up to 45% efficiency or electricity with up to 
33% efficiency. Suitable for this process are energy 
crops such as maize and sunflower [12]. It has been 
determined that through this method, energy maize 
could bring 33,000–46,000 kWh of renewable 
energy/hectare/year [7].  
From maize biomass loaded with Cd, the 
maximum methane yield was determined to be 
1288.65m3 CH4/ha [19].  
It was established that most suitable plants for 
this process are those with high content of soluble 
carbohydrates, lipids and proteins [9].  
 
5. Other options for biomass use 
  
 Biofortification of forage or edible crops 
could be achieved using soils contaminated with Fe, 
Zn and Se if other harmful types of pollutants do not 
exceed acceptable limits [14]. Study has shown that 
hemp (Cannabis sativa) grown in seleniferous land, 
accumulated selenomethionine and methyl-
selenocysteine in seeds, both constituting good 
dietary Se sources [17].  
Se-enriched biomass could be applied as 
fertilizer for growing other crops [5]. It can be 
noticed that the nature of the contaminant is 
important in establishing the utilization strategy for 
the biomass, and this should be a primary deciding 
criteria.  
Essential oils free of heavy-metals could be 
obtained through steam-distillation of contaminated 
biomass, and species from genera Cymbopogon, 
Lavandula, Mentha, Ocimum, Rosmarinus, Rosa, 
Vetiveria are suitable crops for this purpose [13, 14].  
Phyto-mining has rapidly gained attention 
since 1997. Through this method it is obtained a high-
quality sulfide-free bio-ore from hyperaccumulator 
plants that translocate them from soil into 
aboveground biomass. Agro-mining is a subtype that 
makes use of various metallophyte crop plants. This 
technology is optimal for recovering heavy metals 
from soil [11]. 
Pulp for paper could be obtained from 
Populus spp. and Salix sp. used for phytoremediation 
[14]. 
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Cement could be a route of containing 
contaminated plant material and prevent its direct 
storage. Research has shown that Epipremnum 
aureum enriched with Cs-137 and Co-60 was 
successfully encapsulated in portland cement. 
Optimal cement characteristics were determined to 
be obtained at 3% by weight of dry and grinded plant 
material [4].  
However, in the cited study the contaminants 
were radioactive, and the final product was intended 
for disposal. But in future more attention could be 
given to possibilities of using biomass from heavy 
metal phytoremediation for the obtaining of blended 




Contamination with heavy metals represents 
an environmental concern that can be mitigated using 
hyperaccumulator plants. Because the resulting 
biomass can be hazardous, subsequent utilization has 
to be determined strategically, based on criteria such 
as: nature of pollutant, plant selection and market 
opportunity.  
 By establishing a link between 
phytoremediation biomass and their post-
remediation commercial potential, new value-chains 
might contribute at extending this green technology 
to larger scales while also covering some operational 
and initial investment costs.  
 Based on literature review there were 
identified several ways to make use of the 
phytoremediation biomass enriched with heavy 
metals, while some processes might benefit from 
optimization to specifically dealing with 
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